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osting by E
cense.Abstract Phytochemical screening of three different oil fractions, obtained from n-hexane extract
of Prunus domestica shoots were analyzed by GC and GC–MS. It resulted in the identiﬁcation of 9,
16 and 24 compounds which representing 92.56%, 90.6% and 90.69% of these oil fractions, respec-
tively. The main components identiﬁed from fraction 1, 2 and 3 were hentricontane (35.7%), ethyl
hexadecanoate (21.7%) and linoleic acid (16.16%), respectively. Bioassay screening of oil showed
moderate antibacterial activity against Salmonella group (Gram +ve and ve) by agar well diffu-
sion method, moderate antifungal activity against Microsporum canis by agar tube dilution method
and good antioxidant activity by DPPH radical scavenging method.
ª 2009 King Saud University. Open access under CC BY-NC-ND license.1. Introduction
Prunus domestica, commonly known as plum is a member of
family Rosaceae. It is a shrubby, deciduous small tree culti-
vated at high altitude hilly areas, as in Kashmir and Swat divi-
sion of Pakistan (Krishnamurthi, 1969; Gupta, 2003). The
dried fruit known as prunes, contain several antioxidants
and are found to have antiaging property. Plums and prunesA. Mahmood), rehanai@uok.
ity.
lsevierare known for their laxative and stomachic effect. Bark of
plant is used as febrifuge. Roots of P. domestica are used as
astringent. Its seeds yield fatty oil, which can be used as a sub-
stitute for almond oil (Chiej, 1984). Previous phytochemical
studies on P. domestica have shown the presence of different
natural compounds including ﬂavonoids, ﬂavonoid glycosides,
abscisic acid, lignans, carotenoid pigments, quinic acid, bipyr-
role, dihydroﬂavonols and carbohydrates (Kayano et al., 2004;
Baranowski et al., 2004; Kikuzaki et al., 2004; Raynal et al.,
1991; Tsuji et al., 1985; Gross et al., 1981, 1984).
We have previously reported different chemical constituents
of seed (kernels) of P. domestica and their biological activities
(Ahmed and Mahmood, 2007). In this communication we wish
to report our ﬁndings on constituents of shoots ofP. domestica.2. Experimental
Shoots ofP. domestica (12 kg) were collected from Swat (a city
of Pakistan), located at altitude 975 m. Specimen was veriﬁed
Table 1 GC–Ms analysis of different fractions of P. domestica shoots extract.
Sample S. No. Compounds identiﬁed % Qty RIa
Fr-1 1 6-Propyl tridecane 5.07 1510
2 1-Octadecene 3.33 1794
3 Octadecane 5.50 1800
4 Eicosane 4.32 2000
5 Docosane 3.57 2200
6 Octacosane 4.97 2800
7 Trans-squalene 12.2 2810
8 Nonacosane 17.9 2900
9 Hentricontane 35.7 3100
Fr-2 10 a-Cyclocitral 2.14 1096
11 2,3-Bis(dimethylamino)-2-propenal 2.88 1188
12 Ethyl octanoate 4.22 1196
13 Propyl octanoate 3.39 1273
14 2,4-Decadienal 3.75 1296
15 1,5-Anhydro-2,3,4,6-tetra-O-methyl-D-glucitol 3.42 1360
16 Methyl 9-oxononanoate 3.02 1434
17 Isopropyl 9-oxononanoate 3.46 1578
18 Ethyl dodecanoate 3.03 1595
19 6,10,14-Trimethyl 2-pentadecanone 3.46 1845
20 Methyl 14-methylpentadecanoate 3.18 1880
21 5-Methyl-5-hexayl-3-(3-hydroxy-1-oxobutyl)-2,4(3H,5H)-furandione 1.90 1960
22 Ethyl hexadecanoate 21.7 1995
23 Propyl hexadecanoate 19.9 2090
24 Methyl linoleate 3.34 2092
25 Methyl-3-octadecenoate 7.81 2100
Fr-3 26 Linoleic acid 16.16 2080
27 Ethyl linoleate 1.57 2150
28 Ethyl oleate 15.16 2180
29 15-Methyl heptadecanoic acid, ethyl ester 1.54 2190
30 11-Eeicosonoic acid, methyl ester 2.62 2260
31 Erucic acid 5.01 2290
32 Heneicosanic acid, methyl ester 3.34 2420
33 Androst-3,5,9 triene, 3 acetyloxy, 17 one 1.54 2580
34 3(Acetyloxy), 6(3-butenyl) dodecahydro, 3a,6 dimethyl, 7H-benz [e] inden-7-ones 8.59 2610
35 Tricosanoic acid methyl ester 2.86 2610
36 Pentacosonoic acid, methyl ester 3.73 2800
37 2-Heptacosanone 3.66 2840
38 1-Hexacosonol 5.51 2860
39 2,10 Dimethyl pentacosanoic acid, methyl ester 1.52 2950
40 Pregn-3-acetyloxy, 5 ene, 16 methyl, 20 one 0.89 2960
41 Stigmastan 3,5 dien 2.75 3040
42 Egrosta-4, 22-diene, 3 one 1.77 3120
43 5a Androstane 3,11,12 trihydroxy, 17 carboxylic acid, methyl ester 1.66 3160
44 3 Acetyloxy, 7 dehydro diosgenin 0.69 3230
45 Stigmasta 3,5 diene, 7 one 1.05 3270
46 [3 Methoxymethoxy, 10,13dimethyl, dodecahydro-1H-cyclo
penta[a] phenanthren 17yl] 1,4,5-trimethyl, 2 hexen-6-ol
1.78 3340
47 9 Octadecenoic acid, tetradecyl ester 1.76 3380
48 2 Hydroxy, 1[(palmitoyloxy) methyl] ethyl palmitate 1.85 3780
49 Hexadecanoic acid eicosyl ester 3.68 3880
a Retention indices measured on SPB-5 capillary column (30 m · 0.53 mm ID; 0.3 ldf).
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2.1. Extraction of plant material
Air dried, chopped and grounded shoots of P. domestica were
soaked in hexane (10 · 3 l) for 30 days at room temperature.
This extract upon concentration under reduced pressure, affor-
ded a dark brown viscous oily liquid (168 g).2.2. Isolation of oils
Oily viscous liquid (25 g) was subjected to column chromatog-
raphy using silica gel and fractions were eluted with n-hexane,
n-hexane–benzene and n-hexane–chloroform in different ra-
tios. Different fractions were obtained, out of which three frac-
tions Fr-1 (a white solid mass 2.3 g, eluted by 100% n-hexane),
Fr-2 (a yellow viscous liquid 3.5 g, eluted by n-hexane–benzene
3:1) and Fr-3 (a yellow oily liquid 7.1 g eluted by n-hexane–
Table 2 Chemical class distribution and the main components in different fractions of Prunus domestica shoots extract.
Sample Compound class % Qty Na Major components
Fr-1 Alkanes 77.03 7 Hentricontane
Alkenes 15.53 2 Trans-squalene
Fr-2 Ester 73.05 10 Ethyl hexadecanoate
Aldehyde/ketone 9.35 3 2,4-Decadienal
Amino derivative 2.88 1 2,3-Bis(dimethylamino)-2-propenal
D-Glucitol derivative 3.42 1 1,5-Anhydro-2,3,4,6-tetra-O-methyl-D-glucitol
Furandione derivative 1.9 1 5-Methyl-5-hexayl-3-(3-hydroxy-1-oxobutyl)-2,4(3H,5H)-furandione
Fr-3 Esters 39.63 11 Ethyl oleate
Acids 21.17 2 Linoleic acid
Poly cyclic comp 20.72 9 Benz[e]indenone
Ketone 3.66 1 2-Heptacosanone
Alcohol 5.51 1 1-Hexacosonol
Na = Number of compounds.
Table 3 Antibacterial activity of different fractions of Prunus domestica shoots extract by agar tube dilution method.
Sample Microorganism and inhibition zone (mm)
Sa Ec Pa St Bs Sf
Fr-1 06 09 00 13 05 07
Fr-2 05 03 00 15 00 05
Fr-3 00 04 00 12 04 04
Imipenum (std. drug) 24 26 22 24 20 26
Sa= Staphylococcus aureus, Ec= Escherichia coli, Pa= Pseudomonas aeruginosa, St= Salmonella typhi, Bs= Bacillus subtilus, Sf= Shigella
ﬂecneri.
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niques, resulted in identiﬁcation of total 49 compounds.
2.3. GC and GC–MS analysis
GC: Shimadzu-GC-9A gas chromatograph, FID at 220, N2 at
1.0 ml/min, SPB-5 capillary column (30 m · 0.53 mm ID;
0.3 ldf); split ratio 1:30 injector temperature was 240 C; the
column temperature was maintained at 50 C for ﬁrst 5 min
and 235 C (5 C/min) followed by 5 min at 235 C. GC–
EIMS: Hewlett-Packard 5890 gas chromatograph, combined
with a Jeol, JMS-HX 110 mass spectrometer with source at
270 C with splitting ratio 1:30. Analyses were performed on
an equivalent column HP-5 (25 m · 0.22 mm and 0.25 lmdf).
2.4. Identiﬁcation of compounds
Qualitative identiﬁcation of oil components was based on com-
puter matching of mass spectra fragmentation pattern with
NIST mass spectral search program 1998 and by direct com-
parison of retention indices with those reported in the litera-
ture while quantitative estimation was based on relative peak
area percent concentration method (Dams, 2004; Ramsey
et al., 1980).
2.5. Bioassay screening
Fractions 1–3 were further subjected for bioassay screening to
study antimicrobial, antifungal, and antioxidant activities.2.6. Antimicrobial bioassay
In vitro antimicrobial activity was evaluated by agar well
dilution method against Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa, Salmonella typhi, Bacillus sub-
tilus and Shigella ﬂecneri. Single colony of each bacterial
culture was inoculated in nutrient broth separately and
was incubated at 37 C for 24 h. After that soft agar tube
was melted, cooled up to 45 C and 10 lL of each fresh
bacterial culture was added in it with well shaking. It was
than poured at nutrient agar containing in glass Petri plates
(14 cm diameter). Petri plates were rotated to make even
distribution of culture. After solidifying the lawn 6 mm
diameter wells were bored by sterile borer. A 100 lL aliquot
from the stock solution of sample initially prepared at con-
centration of 3 mg/ml with DMSO was added to respective
agar wells in Petri plates while other wells were supple-
mented with DMSO and reference antibacterial drug imi-
penum which served as negative and positive
control, respectively. Agar plates were incubated at 37 C.
After 24 h assessment was made in terms of inhibition zone
in mm i.e. area observed as a clear zone where the growth
of bacteria had not occurred (Alves et al., 2000; Stepanovic
et al., 2003).
2.7. Antifungal bioassay
In vitro antifungal bioassay of 1–3 fractions was carried out
against Trichphyton longifusus, Candida albicans, Aspergillus
Table 4 Antifungal activity of different fractions of Prunus domestica shoots extract by agar tube dilution method.
Test sample Name of fungus
Tl Ca Af Mc Fs Cg
+ve Control STD Drug Miconazole Miconazole Amphotericin Miconazole Miconazole Miconazole
MIC lg/ml 70 110.8 20 98.4 73.25 110.5
ve Control Linear growth 100 mm 100 mm 100 mm 100 mm 100 mm 100 mm
Fr-1 Linear growth 80 90 80 85 75 95
% Inhibition 20 10 20 15 25 05
Fr-2 Linear growth 90 80 80 90 70 85
% Inhibition 10 20 20 10 30 15
Fr-3 Linear growth 75 70 65 80 60 50
% Inhibition 25 30 35 20 40 50
Tl= Trichphyton longifusus, Ca= Candida albicans, Af= Aspergillus ﬂavus, Mc=Microsporum canis, Fs= Fusarium solani, Cg= Candida
glabrata.
Table 5 % Dpph radical scavenging activity of different
fractions from Prunus domestica shoots.
Test sample % RSA
Fr-1 68
Fr-2 62
Fr-3 74
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glabrata by agar tube dilution method. SDA was used for
the growth of fungus. Media with acidic pH (5.5–5.6) contain-
ing relatively high concentration of glucose or maltose 2% was
prepared by mixing 32.5 g/500 ml distill water. It was then
steamed to dissolve the contents and dispensed 4 ml volume
into screw caps tubes which than autoclaved at 121 C for
15 min. Tubes were allowed to cool up to 50 C and non-solid-
iﬁed SDA was loaded with 66.6 lL of sample pipetted from the
stock solution. Tubes solidiﬁcation were allowed in slanting
position at room temperature. Each tube was inoculated with
4 mm diameter piece of inoculum removed from a seven day
old culture of fungus. For non mycelial growth, an agar sur-
face streak was employed. Other media supplemented with
DMSO and reference antifungal drugs (Miconazole/Ampho-
tericin B) used as negative and positive control, respectively.
Tubes were incubated at 27–29 C for 7–10 days. Cultures were
examined twice weekly during incubation. Growth in the sam-
ple amended media was determined by measuring linear
growth and inhibition calculated with reference to the negative
control (Choudhary et al., 1995; Janaki and Vijayasekaram,
1998).
2.8. Antioxidant bioassay
Antioxidant bioassay was performed by DPPH radical scav-
enging method. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical
solution was prepared in ethanol at concentration 300 lM,
which showed characteristic absorption band at about
515 nm. A test sample solution in DMSO was added in DPPH
solution and incubated at 37 C for half an hour to allow test
sample to react with DPPH. After incubation, decrease in
absorption was measured at 515 nm by using multiplate reader
(Spectra MAX-340). Percent radical scavenging activity ofsample was measured in comparison with a DMSO treated
control group (Molyneux, 2004).3. Results and discussion
The composition of fractions 1–3 from n-hexane extract of P.
domestica shoots were analyzed by GC and GC–MS. A total of
9, 16 and 24 compounds were characterized on the basis of
Mass Spectral Library Search Program and the data available
in literature. The general chemical proﬁle of fractions, the per-
centage contents and the retention indices of the constituents
are summarized in Table 1.
The main components identiﬁed from fraction 1 were
alkanes, which formed major part 77.03% of fraction. These
alkanes comprise six straight chain 71.96% and one branched
chain alkane 5.07%. Two alkenes were identiﬁed, one straight
chain and other branched which worth for 15.53% of frac-
tion. Main components identiﬁed from fraction 2 were esters,
which formed major part 73.05% of the oil. These esters in-
cluded six saturated 55.42%, two unsaturated 11.15% and
two aldehydic esters 6.48%. More over remaining compounds
comprise one unsaturated aldehyde 3.75%, one ketone
3.46%, an a-cyclocitral 2.14%, one amino derivative 2.88%,
one D-glucitol derivative 3.42% and one furandione derivative
1.9%. From fraction-3 eleven compounds were identiﬁed as
acyclic esters which formed major part 39.63% of the oil.
These esters comprises four unsaturated 21.11% and seven
saturated esters 18.52%, these saturated esters consists of four
straight chain 13.61%, two branched chain 3.06% and one
hydroxyl ester 1.85%. Two acids were identiﬁed, one satu-
rated and other unsaturated which worth for 21.17% of oil.
Nine different polycyclic compounds including benz[e]inde-
none, pregnenone, stigmastandien, erogstadienone, andro-
stane, diosgenin, stigmastadienone and cyclopentaphenanth-
rene derivatives stands for 20.72% of oil (Table 2).
Bioassay screening of these fractions showed moderate
antibacterial activity against Salmonella group (Gram +ve
and ve) (Table 3), moderate antifungal activity against
Microsporum canis (Table 4) and good antioxidant DPPH
radical scavenging activity (Table 5) which was also re-
ported from other species of this genus (Rashid et al.,
2005).
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